Abstract. The timing of arrival from spring migration was studied in 4 years for male Pied Flycatchers (Ficedula hypoleuca) in central Spain. Heritability and repeatability analyses were performed at several levels of familial resemblance and male age in order to determine whether arrival times are consistent within individuals between years and are similar between relatives. Oldest males arrived earlier. Arrival time explained much of the variation in laying time and number of young fledged. Age-independent variation in wing length also affected arrival date, the males with longest wings settling earlier. Arrival times were not repeatable within individuals across years and were not similar between relatives (parents-sons, full-sibs). Although genetic variation may exist in departure dates of longdistance migrant birds, the close connection of an early arrival to high reproductive success may have depleted genetic variation in arrival time. In addition, environmental variation probably is too high to detect significant heritability in arrival times without very large sample sizes.
INTRODUCTION
Each year migratory birds must find, occupy, and defend a breeding territory on their arrival from winter quarters. Among passerines, a common pattern is for males to arrive earlier than females, most likely due to within-sex competition for access to resources vital for reproduction, and older birds arrive earlier than younger ones (Francis and Cooke 1986 , Hill 1989 , Lozano et al. 1996 . Early arrival at the breeding sites increases reproductive fitness through more nest sites (Potti and Montalvo 1991a) or better resources (Slagsvold 1986, Aebischer et al. 1996), earlier pairing (Slagsvold and Lifjeld 1988, Potti and Montalvo 1991a) and, in promiscuous and/ or facultatively polygynous species, greater opportunity to attract additional females (Alatalo et al. 1981 , Potti and Montalvo 1993). Early arrival enhances male and female breeding success which is accentuated by a widespread tendency for early breeders to have a greater chance to fledge and/or recruit more offspring (Hochachka 1990 , Meller 1994 , Aebischer et al. 1996 .
Although much research has been conducted on intrinsic and extrinsic factors affecting bird migration, the evolutionary important question ' whether components of migratory behavior in animals are heritable, and thus capable to respond to selection, has only recently come under study (Berthold 1991 , Dingle 1994 ). Experimental work with captive European Blackcaps (Sylvia atricapilla) has shown that some components of the migratory syndrome, such as migratory restlessness (Zugunruhe) or migratory direction, are inherited and are probably polygenie traits with threshold effects (Berthold 1991 , Pulido et al. 1996 .
Data on individual (ontogenetic) and familial variation in migratory behavior in wild bird populations are scant (Rees 1989 ) and hard to obtain, due to high dispersal, low site fidelity, short life spans, and long-term work required. Here, I report data on one component of migratory behavior, the timing of arrival of males on the breeding grounds, that were obtained across four years for a population of Pied Flycatchers (Ficedzda hypoleuca). Pied Flycatchers are small (-12 g) long-distance migrants overwintering south of the Sahara and breeding across the western Palearctic (Lundberg and Alatalo 1992). I investigate whether there exist individual consistency or stability (repeatability) and familial resemblance (heritability) of male arrival time. I found no clear evidence that arrival date of males is a heritable trait in this species.
METHODS
I studied the arrival times of male Pied Flycatchers through the spring and early summer from 1988-1991 in a population breeding in nestboxes in a mature deciduous (Quercus pyrenaicu) oakwood in central Spain (Potti and Montalvo 1991a). The area was censused daily from mid April onwards to document exact arrival dates and identity of males. Soon after arrival, males start to sing at one or more nestboxes, making census of males a relatively easy task. Since 1987 most arriving males were previously colorbanded, allowing their quick identification. The majority of remaining males only wore a metal band or were unbanded and were distinguished until capture by age-distinctive plumage traits (Potti and Montalvo 1991a), by idiosyncratic features of their plumage color (Potti and Merino 1993, by the size and form of the white patch on the forehead (Potti and Montalvo 1991a), or by the position of a metal band put on them as a fledgling in previous years (since 1984). It is very rare for a Pied Flycatcher to lose its preferred nestbox to a conspecific or interspecific competitor and, when this occurred, the same male was usually observed again singing in a neighbor nestbox. Hence, it is likely that few errors were made in the a posteriori assignment of arrival times to previously unbanded birds.
Males were captured inside their nestboxes while feeding nestlings. All birds were individually marked with color bands and aged as year 0.60, n = 22, Fig. 3 ). However, given the large variances of arrival dates, the power of this test at the customary alpha level of 0.05 is very low (power = 0.07). Furthermore, that value of h* is entirely due to the "pull" of an outlier (Fig. 3) ; when this point is excluded a "no sense," negative heritability is obtained (h* = -0.50 + 1.00,
P > 0.60, R = 21).
There were 9 families for which the arrival times of 2 or 3 (presumptive) full-sib males were known. The heritability of residual arrival dates calculated on the basis of (presumptive) full-sib resemblance was h* = 0.08 (no = 2.25, FS,,9 = 1.09, P > 0.40).
As there were more data available on laying dates, which are closely related to male arrival However, misassigned parentage is not a problem for repeatability estimates, which indicated an overall inconstancy of male arrival and laying dates, and hence a likely absence of detectable genetic variation (Boake 1989) . Checking for the existence of repeatability is a first step in proposed protocols to detect genetic variation because repeatability sets an upper limit to the heritability of a trait, which cannot be larger than the former (Falconer 1986, Boag and van Noordwijk 1987). In addition, because genetic variation within individuals is absent, EPFs are not a confounding factor in the computations of repeatability, although they certainly are a problem for the quantification of heritability. In spite of this, the consistency of nonsignificant repeatability and heritability estimates in this study indicates that, whatever may be the rate of EPFs in my population, genetic variation for arrival time, if present, must be low.
There are, however, further reasons to be cautious about the absence of genetic variation, because it may exist but be masked by genotypeenvironment interactions, which are likely to be present in such a complex "trait" as arrival date. Arrival times must depend to some degree on distances migrated and departure dates from winter quarters, which in turn depend upon environmental variables, including photoperiod and weather conditions there. In addition, the predictably high environmental variation met by the birds while on passage in their migratory journey, and the likely important roles played in migration performance by bird age and previous experience with both the migration route and the area ( The fact that male arrival time in spring is closely connected to male fitness in the Pied Flycatcher (Fig. 2) might be taken as a priori evidence in support of a predictable absence of genetic variation in this characteristic. Genetic variance might have been depleted by the close association of early breeding to fitness due to strong and constant selection, with all remaining variation being enviromentally caused ("Fisher' s fundamental theorem;" Mousseau and Roff 1987). The evidence presented here and background information on this population are consistent with this interpretation. An early date of breeding is the most important determinant of recruitment in this population (Potti and Montalvo 1991b; unpubl. data), imposing a strong selection pressure to settle and breed early. Alternatively, as discussed above, low heritability of arrival date may be due to the predominant importance of environmental variables affecting it (Price and Schluter 1991), i.e., arrival times may be subject to all the variation in the traits that affect it plus additional environmental variation, such that a low heritability is to be expected (Price and Schluter 1991). For instance, wing length seems to retain genetic variance in this population (around 0.50; unpubl. data), whereas corresponding variation in arrival time, one of its correlates, is almost undetectable. This illustrates that the link from genes to wing length to a life-history trait such as arrival date is long: much environmental variance is added at each step in the path of morphological to lifehistory traits, so that even though there may be a genetic component to arrival date via its connection with heritable body traits, this must be very small (Price and Schluter 1991, Roff 1997). It is not possible to distinguish between the "exhaustion of genetic variance hypothesis" and the "environmental noise hypothesis" with the data at hand and, most likely, both may be true.
Genetic variation may underlie the proximate control of departure dates in long-distance migrants, as well as in birds migrating shorter distances (Berthold 1991), but still be undetectable with arrival times to the breeding grounds. Individuals may not be consistent in their time of arrival from one year to another because complex interactions between environmental factors affecting arrival date and migration performance. Demonstrating among-population genetic variation in major traits, such as c&annual rhythms (Berthold 1991, Pulido et al. 1996), can help to explain within-and between-species variation in the urge to migrate and hence on departure dates to breeding or wintering areas (Ellegren 1990 ). However, environmental variation will likely make it difficult to demonstrate within-population genetic variation in arrival times of migrant birds in natural settings. 
